Introduction
Capillary electrophoresis (CE) in polymer solutions has become an attractive alternative to slab gel electrophoresis for DNA analysis. 1 This technique has been successfully applied to mutation detection, [2] [3] [4] genotyping, 5 DNA sequencing, 6 and geneexpression analysis. 7 Some investigators have examined what the polyols in the TBE buffer markedly improve the separation efficiency of DNA fragments using cellulose derivatives as sieving media. 8, 9 They attributed the effects to a change in the sieving pore size in the separation medium by the complexation of borate with polyols (glycerol or mannitol) and cellulose derivatives (such as HPMC), in which the borate ion acts as a bridge between polyol and HPMC. 8, 9 However, they did not show any data to support this mechanism.
Recently, we examined what the pH dramatically influences the single-strand DNA (ssDNA) conformations, and then altered the migration of ssDNA fragments. 10 Furthermore, we knew that polyols like glycerol can complex with boric acid, leading an increased concentration of hydrogen ions in the solution. In the present work, we wanted to systematically investigate what the effects of polyols, the pH and buffers on the separation of DNA fragments, and tried to demonstrate the mechanism of the separation of DNA fragments in the TBE buffer containing polyols using cellulose derivatives as sieving media.
Experimental

Materials
The 
Capillary electrophoresis procedure
The Beckman P/ACE System 5500 (Beckman Instruments, Fullerton, CA, USA) was equipped with a laser-induced fluorescence (LIF) detector, in which an argon ion laser provided an excitation light source at 488 nm. A 520-nm bandpass filter was used as an emission cutoff filter.
A DB-17-coated capillary was first rinsed with the buffer for 5 min, and finally filled with a sieving medium. SYBR Green I was added to the sieving medium at a dilution of 1:5000. Samples were introduced by electrokinetic injections and electrophoresis was performed in the reverse-polarity mode under the conditions specified in the figure legends.
Results and Discussion
Polyol effects on the buffer pH and separation of DNA fragments Figure 1 shows the effects of mannitol and glycerol on the pH of the TBE buffer. The buffer pH dramatically decreased with the concentration of glycerol and mannitol due to the complexation of the borate ions with polyols. The reaction not only increased the concentration of hydrogen ion, but also increased that of the electrolyte in the TBE buffer, which was confirmed by increasing the current in electrophoresis.
Furthermore we examined that the pH in the TBE buffer did not change in the presence of 0.5%, 1% and 2% HPMC with low molecular weight (approximate 100 cP at 2% solution) without polyols (data not shown). These data demonstrated that HPMC could not complex with borate ions. Unsurprisingly, since the HPMC is a macromolecule it has difficulty to be close to the borate ions (central ion) and to form a bridge between polyol and HPMC (described by Refs. 17 and 18). Figure 2 shows the separation of dsDNA fragments in various concentrations of glycerol. We observed that the migration times dramatically increased along with the concentration of glycerol. This result is mainly attributed to a rapid increase in the viscosity of the buffer with the concentrations of glycerol. The effects of glycerol on the resolutions of DNA fragments were complicated. We observed that the resolutions of most DNA fragments increased slightly with glycerol and, especially, the resolutions of the 404 bp and 489 bp DNA fragments were markedly increased. However, the resolutions of certain DNA fragments, i.e. 489 bp and 501 bp, decreased slightly with glycerol. The effects of glycerol on the separation of DNA fragments are probably attributed to a decrease in the pH, and an increase in the electrolyte concentration.
The pH effects on the separation of DNA fragments
In order to support the above explanation, we investigated the effects of the buffer pH on the migration and separation of DNA fragments, and the data are shown in Fig. 3 . The migration times of dsDNA fragments increased slowly with the buffer pH. Surprisingly, the resolutions of 404 and 489 bp also markedly increased along with a decrease in the buffer pH, and the resolutions of 489 and 501 bp decreased with a reduction of the buffer pH in a manner similar to that in Fig. 2 . These data demonstrated that the pH change of the buffer was an important factor which affected the resolutions of the dsDNA fragments in the TBE buffer with polyols. The mechanisms of the pH effects are not clear. The effects are probably attributed to changes in the conformation and charges in the dsDNA fragments, which are associated with the sequences of the dsDNA fragments. The low pH probably suppressed some charges of the phosphate backbone of the DNA fragments, leading to a reduced intermolecular repulsion and an increased involvement of the base interactions in stabilizing the ternary structure. Additionally, the enolate forms in the hetero aromatic rings of G and T could dissociate with the pH range from 6.0 to 8.3, which likely affects the conformation and the charges of certain dsDNA fragments as well. 11, 12 However, this explanation needs to be confirmed further by some experiments.
Buffer concentration effects on the separation of DNA fragments
The effects of the buffer concentrations on the separation of the dsDNA fragments are shown in Fig. 4 In panels A -D, the concentrations of glycerol were 0%, 2%, 4% and 8%, respectively. Electrokinetic injection at -4 kV for 6 s was used, the temperature was 20˚C and the applied voltage was -8 kV. RFU: relative fluorescence units. 
